Abstract-Artificial Insemination (AI) technique is used worldwide in goats breeding, especially in intensive systems reproduction control. AI is a low cost technique and simple to perform, however the labor cost is steep since the need experts are necessity. The immediate need to produce good profits in goats production, has initiated a development and initialization of an electro-mechanical artificial insemination device prototype for goats is initially developed. This device is able to increase the accuracy of semen deposited to the cervix by visualizing the os. This is realized by a built-in circuit utilizing a PIC as its brain and functions well as pre-programmed in the PIC. Furthermore, a continuous use of this device could significantly reduce the labor cost. However, since the operation time is relatively slow, further improvements are required.
I. INTRODUCTION
n the continuously growing population of the world, small ruminant's production mainly in goats is at a critical level due to high demand from time to time as a multi-purpose animal. Demand for goat, mainly meat, the supply far exceeds the demand. In consequence of this, several reasons have been identified as the potential reasons that may contribute to this factor. This includes low reproduction rate and low kidding rate; hence reducing the rate of goat production. Therefore, the method of breeding needs to be improved to fulfill the demand.
Various practices or approaches have been used in different species to efficiency improve goat's reproductive performance, including kidding rate [4] [5] . However, to increase the kidding rate is crucial top priority. There are several assisted reproduction technologies (ART) utilized to manage goats' reproduction [7] [8] . These include embryo Manuscript received May 16, 2013 . This work was supported in part by Geran Universiti Penyelidikan from Universiti Teknologi Malaysia (Vote: 02H71), and Universiti Putra Malaysia (Vote: 9374600).
M. Traditionally, genetic improvement of livestock has been achieved by Artificial Insemination. It has been recognized that AI could produce animals with altered traits such as disease resistance, wool growth, body growth and milk composition [8] . It is a simple procedure but an expert is needed to deposit semen accurately into the cervix of female. Hence, labor costs are high and during the processs a number of man-power is needed too.
In this paper, the author focuses on the application of AI using an easy-to-operate and user-friendly electronic device to increase the accuracy of semen deposited. Continuous usage of the proposed device will subsequently eliminate the need for experts, hence reducing the labor cost significantly. Therefore, the main objective of this research is to propose an electro-mechanical AI device, equipped with a camera and an LED light to increase the accuracy of artificial insemination technique, hence improving the rate of goat production.
II. ARTIFICIAL INSEMINATION
Biotechnology; assisted reproduction technologies (ART) has contributed to manage goat reproduction and several approaches used either by artificial or partially artificial means; AI and embryo transfer [1] [3] [9] . Although there is seasonal natural breeding, goat reproduction is improved with the development of ART, while other methods speed up the progress by reducing the generation gap. In addition to that, ART allows animal with good genetic to produce more offspring than would be possible by natural breeding [2] .
Artificial Insemination plays a significant role in goat industry, particularly in concentrated systems of production to control reproductive performance, and in conjunction with accurate progeny testing, to improve the production of milk, hair and meat [1] . Moreover, it has become a practical technology in commercial dairy programs in developed and developing countries. Other than that, AI is one of the most widely used of ART on goat genetic improvement programs [2] .
Artificial Insemination is actually practiced by flying insects and later invented by human for animals' reproduction. Apart from goats, this technology is also used in the breed development of sheep, horses and swine. This method involves collection of semen from buck and it is transferred to reproduction tract of estrous female. Based on the experiment that has been conducted before, AI shows about 65% accuracy of kidding rate [1] .
In terms of costing of procedure, compared to other methods, AI has the advantages; the procedure is not complicated and it is cheaper compared to other method, thus it is widely used for spreading genes [3] . A minimum of two technicians is needed to handle this procedure. 1) Holding the animal; the hindquarter of the doe is lifted up for easier insertion of the speculum and insemination gun. 2) The inserter; during insertion of semen, an AI light can be used to assist in the visualization observation. Although, the AI process itself is simple and low cost, but the labor cost and technical demand for an expert presently very high.
A successful of insemination process requires the technician in charge to deposit the semen using an insemination gun into the reproductive tract of female goats. The technician responsible on the insemination process must be someone who is an expert and well trained. The successful rate of the semen deposited accurately is depending on the expert's skill.
III. PROBLEM STATEMENT
Many local goat farmers choose to use natural breeding method for breeding purposes, although they realize the benefit of artificial insemination technique. The functionality of traditional insemination gun is not user friendly and one crucial requirement is that the handler must have a lot of experience to ensure the semen is deposited at the right point during the process. Thus, the labor cost for the insemination process is expensive to cater for this skill.
The authors focused on creating a prototype of semiautomated AI device with an additional camera and light on the insemination gun for easier operation. The function of the camera and light are to accurately visualize the os of cervix hence making the insemination process easier.
In breeding management, this device has great potential for managing large numbers of goats compared to the existing manual method. In addition to that, with the addition of the camera and light, the technician in charge could handle the process themselves without the need for an expert. Therefore, labor cost can be significantly reduced, subsequently.
IV. HARDWARE CONSTRUCTION
Since AI is the most commonly used method in ART, its applicability is then extended so it can be conveniently used by breeders in general. Hence an insemination device with built-in visual is proposed for the convenience of the inseminator. This in turn will indirectly improve the reproduction of goats.
To perform the tasks pre-defined for the device, the authors uses a microcontroller a PIC 16F877A in particular, as shown in Figure 1 . Microcontroller can be defined as an integrated electronic computing device that includes three major components on a single chip, which are microprocessor, memory and input/output (I/O) ports. This particular PIC is utilized since it has 40 pins, hence many I/O connections are allowed to one PIC. This PIC serves as a brain of this device whereby all the instructions are written in C language and then installed into the PIC. Three basic requirements for PIC are power, which is Vdd (5V) and Vss (0V), oscillator -that used to determine the speed of microcontroller to execute the program, read input and write outputs, and also Reset (MCLR) to reset microcontroller to the start of the program. The pin diagrams for PIC16F877A are as shown in Figure 1 .
To perform any task in the device, a motor and its driver is requires. As an initiation, the author uses a brushed DC motor and its driver, MD10C. The low cost and its ability to drive high current brushed DC motor of 10A continuously, makes this motor and its driver a significant choice.
To control the degree of gun during the insemination process, a potentiometer is used. There are a few options to be chosen by the technician, depending on the goats' size. The standard degree is ranged between 20˚ to 30° from the vulva.
To control the distance of the gun movement, an IR sensor is used. IR sensor is a detector that reacts to infrared (IR) radiation. In the proposed device, this sensor is placed below the slider so that it can detect the black and white strap on the steel. To configure the PIC microcontroller, MPLab, in Clanguage environment is used. MPLab is used to simulate the program that controls the whole system Adjustable parts include the length of X, Y and Z-axis as well as the angle gun, depending on the goats' sizes.
After the program is successfully assembled, it will be transferred or burnt into the PIC using PICkit2 in the MPLab environment. The working flow of the device are now stored in PIC. Next, the integration of software with proposed device was done.
VI. RESULTS
The proposed device include an installment of gate at the front of the stand, the leg strap at the back stand and an insemination gun on top of the device as shown in Figure 2 . The insemination gun is not installed as yet since it is not readily available, and the cost to purchase one is very high.
The function of the gate is to protect the goats during the insemination process. The gate will be closed once the goat entered and will be opened when the insemination process is done. For the leg strap, it is added to make the process easier. After the legs are safely tied, the doe's hindquarter is lifted up to a certain degrees depending on the goat's size.
Insemination will be attached on the top part of the stand where the camera and an LED light will be installed. PIC microcontroller is used to control this device as it serves as the brain. To control the device, four motors are used. These motors are located at four different points as shown in Figure 3 . These locations enable the movement of the device in X, Y and Z direction as well as at an angle between 20º to 30°.
In Figure 3 , motor A is used to control the up and down movement of the slider. Motor B moves the slider in forward and reverse direction while the motor C controls the angle of the insemination gun. Finally motor D controls the left and right movement of the insemination gun.
Since the motors cannot be directly connected to the PIC, motor drivers are used to drive the motor and to provide sufficient voltage to the motor. A PS2 controller is used to control the operation whereby the person in charge could monitor the movement of the PS2 controller starter kit or SKPS is used as an interface between the controller and PIC.
VII. FUNCTIONALITY
To observe the functionality of the completed device, the operation time and the maximum and minimum adjustable angle of the speculum is recorded.
For the operation time, ten working samples are recorded as shown in Table 1 . The average times for the X and Y axis are calculated to be between 50 to 60 seconds. While the angle movement takes 15 seconds and the speculum takes 2-5 seconds to operate. The proposed device yields a slow and noisy operation; hence better motors need to be used. The replacement motors will incur significant additional costs since a quiet and fast operating motor is expensive. In addition to that, some of the dimension of the device needs to be altered to accommodate the need of the AI process for local breeders. On top of that, when the device was studied more closely, there exists redundant amount of motors, hence few needs to be eliminated. 
